A long-term soil fertility experiment under rice-rice-wheat system was performed to evaluate the long term effects of inorganic fertilizer and manure applications on soil properties and grain yield of wheat. The experiment began since 1978 was laid out in randomized complete block design with 9 treatments replicated 3 times. From 1990 onwards, periodic modifications have been made in all the treatments splitting the plots in two equal halves of 4 x 3 m 2 leaving one half as original. In the original treatments, recent data revealed that the use of Farm Yard Manure (FYM) @10 t ha -1 gave significantly (P≤0.05) higher yield of 2.3 t ha -1 in wheat, whereas control plot gave the lowest grain yield of 277 kg ha -1 . Similarly, in the modified treatments, the use of FYM @10 t ha -1 along with inorganic Nitrogen (N) and Potassium oxide (K 2 O) @ 50 kg ha -1 produced significantly (P≤0.05) the highest yield of 2.4 t/ha in wheat. The control plot with an indigenous nutrient supply only produced wheat yield of 277 kg ha -1 after 35 th year completion of rice-rice-wheat system. A sharp decline in wheat yields was noted in minus N, phosphorus (P), Potassium (K) treatments during recent years. Yields were consistently higher in the N:P 2 O 5 :K 2 O and FYM treatments than in treatments, where one or more nutrients were lacking. The application of P 2 O 5 and K 2 O caused a partial recovery of yield in P and K deficient plots. There was significant (P≤0.05) effect of use of chemical fertilizers and manure on soil properties. The soil analysis data showed an improvement in soil pH (7.8), soil organic matter (4.1%), total N content (0.16%), available P (503.5 kg P 2 O 5 ha -1 ) and exchangeable K (137.5 kg K 2 O ha -1 ) in FYM applied treatments over all other treatments. The findings showed that the productivity of the wheat can be increased and sustained by improving nutrient through the integrated use of organic and inorganic manures in long term. 
INTRODUCTION
Rice and wheat mostly grown in sequencing order especially in Terai region represents the most important food crops of Nepal. The Terai plain, meets about 75% of the country's total cereal food demand (NARC 1995) . However, productivity and profitability are quite low despite of the fact that a doubling of the crop production in the next 25 years is required to meet Nepal's estimated population growth (NARC 1995 , Hobbs and Morris 1996 , Kshteri 2010 . Increasing the productivity of land through intensive cropping system depletes nutrient reserves of the soil at faster rate (Regmi et al 2003) while unbalanced fertilizer application may disturb nutrient availability to crops, leading to a reduction in yield (Nambiar 1994 , Yadav et al 2000 . Improving productivity and increasing cropping intensity to sustain yields and meet the future food needs requires adequate soil fertility (Regmi et al 2003) . Therefore, to maintain land productivity for crop production, it is likely that new emerging nutrient deficiency or imbalances are addressed, identified and corrected promptly. In such sequence, identification of micronutrients zinc deficiency in rice and boron in wheat represents the best examples (Regmi et al 2003) .
It has been observed that continuous use of chemical fertilizers in imbalanced form deteriorates soil physical properties (Biswas et al 1971 , Prasad et al 1983 , Bhattacharyya et al 2015 . Detrimental effects of chemical fertilizers even in balanced form on soil physical properties are also being observed. For example, decline in soil organic carbon and associated decline in system productivity under ricewheat system with the long-term use of recommended NPK was observed in some field studies (Nambiar 1994 , Abroal et al 2000 , Yadav et al 2000 . The widespread stagnation and occasional decline is rice-wheat productivity over the last about three decades have become a matter of serious concern, as rice-wheat is the major cropping system in south Asia, feeding more than 400 million people world-over .
Soil fertility is largely attempted to maintain by application of compost and manure, but in recent years a decline in soil fertility has been reported . There has been considerable research in Nepal on soil fertility enhancement and soil and water conservation techniques over the years (Keatinge et al 1999 , Acharya et al 2000 . Despite of that the soil fertility in long run in relation to cropping pattern has always been a subject of interest because of several factors associated including the manure and fertilizer use. Therefore, long-term experiment has always been suggested to be valuable for evaluating the effects of continuous cropping on the capacity of a system to sustain nutrient supply and the productivity (Regmi et al 2003) .
For recommending appropriate technologies to maintain soil fertility as well as the environment, it is necessary to evaluate long-term effects of inorganic and organic manures on soil properties (Gami and Sah 1988, Bhattacharya et al 2015) . The long-term soil fertility experiments are valuable for understanding the relationships among changing soil, crop management practices and productivity (Bhattacharya et al 2015) . It is also important that the data collected from constantly monitoring long-term experiment could be useful for improving statistical and simulation tools (IRRI 2000 , Bhattachrayya 2015 . Therefore, a long term experiment was initiated under rice-rice-wheat system to evaluate the effects of long term application of mineral fertilizer and organic manure on soil properties and wheat grain yield under rice-rice-wheat system.
MATERIALS AND METHODS

Experimental Site, Treatments and Crop Management
The long term experiment was started in 1979/80 at National Wheat Research Program located in Bhairahawa, Rupandehi District in the western Terai Region of Nepal at the latitude of 27°32' and the longitude of 83°28' with an elevation of 120 masl. In this site, the air temperature ranges from a minimum of about 7°C in winter to the maximum of about 45 0 C in summer. In general, the site receives ample rainfall during the monsoon, which starts from June and continues up to September. The mean annual rainfall is about 1800 mm. The soil of the experiment plot was silty loam with a pH of 8.0, organic matter (OM) of 1.783%, P of 9.75 u/g, exchangeable K of 126 ug/g soil and bulk density of 1.6 g cm -3 with hard pan just below the plow layer. The soils in the experiment area are classified as Typic Heplaquepts.
The experiment was laid out in randomized complete block design with 9 treatments which were replicated 3 times. The plot size was 6 x 4 m 2 up to 1990. From 1990 onwards, periodic modifications have been made in all the treatments splitting the plots in two equal halves of 4 x 3 m 2 leaving one half as original (Table 1) . Wheat was sown in rows of 25 cm apart. Farm yard manure was applied at 7-10 days before seeding. Half dose of N and full dose of P and K were applied as basal. Remaining 50% nitrogen was top dressed at 21-25 days after seeding in wheat. 
Measurement of Crop Parameters
Soil Sampling and Analysis
Soil samples were collected from each of the experimental plots after harvesting wheat (5 April 2014). Each soil sample was randomly collected from the 0 to 20 cm deep plough layer using an auger. For this, the air-dried samples were crushed and passed though a 2 mm sieve. Soil pH was determined by a pH meter after extraction from a soil: water ratio of 1:2. Organic matter was determined using the Walkley and Black dichromate method (Nelson and Sommers 1982) and total N using Kjeldhal's method (Bremner and Mulvaney 1982) For available P determination modified Olsen's (Olson and Sommers 1982 ) methods used; exchangeable K was estimated by 1M ammonium acetate extraction (Knudsen et al 1982) followed by flame photometric determination.
Statistical Analysis
Recorded data were compiled and tabulated in Ms-Excel. Data for each parameter over two year's period was subjected to analysis of variance using a Randomized Complete Block Design according to MSTATC (Steel and Torrie 1980) . Treatment means were compared using least significant difference (LSD) test at P≤0.05.
RESULTS
Grain yields of wheat in rice-rice-wheat system were affected by the application of different combination of manures and fertilizer treatments.
Original Treatments
The various growth and yield attributing parameters significantly (P≤0.05) differed with the varied use of organic and inorganic sources of nutrients in wheat crop. The plant height, productive tillers per m 2 , test weight, straw and grain yields were significantly (P≤0.05) higher where use of FYM @10 t ha -1 were applied with the highest yield of 3616 kg ha -1 in 2011 and 2383 kg ha -1 in 2012 against 425 kg ha -1 and 277 kg ha -1 in control (T1), respectively (Appendix 1, 2 and 3). In 2012/13, logging during heading stage of wheat caused the low yield. 
Modified Treatments
The highest grain yield (3799 kg ha -1 in 2011/12 and 2383 kg ha -1 in 2012/13) was occurred in treatment-T9 ie FYM @10 t ha -1 + N @50 kg + 50 kg K 2 0, where as application of N: P 2 O 5 : K 2 O @50:20:0 plus 30 cm stubble incorporation gave the lowest grain yield of wheat (1695 kg ha -1 in 2011/12 and 1085 kg ha -1 in 2012/12) probably due to absence of K in the treatment (Table 2 ). This alarms situation in farmers' field where farmers generally do not apply potassium fertilizer in wheat crop.
Yield Trend of Wheat
The data revealed that the grain yield of wheat was higher in treatment T9M (FYM 10 t ha -1 and N and K 2 O 50 kg ha -1 each which is followed by FYM application alone (T9) and the recommended fertilizer dose (T5). The results showed that yield trends of wheat for N treatment (T2), NK treatment (T4) and NP treatment (T3) were similar to the control (no-fertilizer) by end of 35 years of the experiment (Figure 1, 2 and 3) . 
Soil Fertility Status
There was a significant (P≤0.05) effect of manures and fertilizers on soil pH, soil organic matter, N content, available P and exchangeable K. At harvest of wheat crop, soil pH was improved in T9 (7.87) from the application of farm yard manure as compared to original (8.0) and significantly (P≤0.05) higher SOM (4.12%) was obtained by applying the FYM and inorganic fertilizer which was statistically similar with the application of FYM alone (4.10%) (Table 3) . Similarly, significantly (P≤0.05) higher soil N content was 
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obtained from the combined application of FYM (0.16%) but it was similar to the application of FYM plus chemical fertilizer (N and K 2 O) and it was the lowest (1.13%) in control plot (0.8 %).
At the end of 35 years experiment, the highest soil available P of 503.5 kg ha -1 was occurred in the plots applied with FYM, while the lowest available soil P of 11.5 kg ha -1 was in the control plot. Similarly, exchangeable K was significantly (P≤0.05) higher (137.8 kg ha -1 ) with N and K 2 O which was at par with the application of FYM alone (117.1 kg ha -1 ). The soil analysis data showed an improvement in soil pH (7.8), soil organic matter (4.1%), total nitrogen content (0.16%), available P (503.5 P 2 O 5 kg ha -1 ) and exchangeable K (117.1 K 2 O kg ha -1 ) in FYM applied treatments over all other treatments. 
DISCUSSION
Soil fertility and plant nutrient management are key issues to be addressed to understand the reasons for declining crop yields. After 35 years of the experiment, significantly (P≤0.05) higher yield of wheat was found in T5, T9 and T9M as compared to other treatments (Figure 1 ). There was fluctuation in grain yield of wheat which could be due to variation in rainfall, temperature, moisture in general during crop growing period. There was very low grain yield in all P missing treatments (T1, T2, T4, and T7) (Figure 1, 2 and 3 ). This shows P is one of the most limiting factors for wheat crop. In all treatments in which one or more primary nutrients were lacking, resulted decline in wheat grain yield. This finding was similar to many other studies earlier reported Dobermann 1999, Hobbs and Morris 1996) . These implying either the changes in biochemical and physical composition of soil organic matter (SOM) might resulted in gradual decline in the supply of soil nutrients to crop due to inappropriate fertilizer applications causing nutrient imbalances (macro and micro) (Paroda et al 1994) .
The grain yield of wheat was found higher in T5 (100:30:30 -R and 100:40:30 -W) followed by T6 (100:0:0 -R and 100:40:30 -W). The significant (P≤0.05) differences in grain yield were seen between the N: P 2 O 5 : K 2 O and N: P 2 O 5 treatments, indicating that the yield reductions in this experiment were also due to the K deficiency. With the increase in K level, there was increase in the grain yield of normal wheat (Figure 4 ).
Proper use of chemical fertilizers and organic manures supports increased agricultural productivity and at the same time, helps maintain soil fertility (Gami and Sah 1988) . Similar results have been revealed in present study. The results showed that neither the present dose of N: P 2 O 5 : K 2 O nor FYM can sustain productivity in such system. These results corroborate those of Flinn and De Datta (1984) , who reported a yield decline under the full recommended dose of fertilizer. In many fertilizer experiments, Nambiar and Abrol (1989) have also found a declining trend with adequate NPK. FYM alone could not supply N and K requirement of wheat crop. The yield increase with the modified (T9M) possibly resulted from replacement of the original (T9) due to balance dose of N: P 2 O 5 : K 2 O and other micronutrients contained in FYM.
In the long run, soil fertility is not sustained from the balanced fertilizer application alone while application of FYM helps to boost up crop yield Mathur 1989, Kabeerthumma et al 1993) and improve physical soil status Mathur 1989b, Kumar and Tripathi 1990) . Declining yield trend at lower N level over the years may indicate the diminishing supply capacity of soil. The single greatest cause of declining crop production is unbalanced fertilization (Rattan and Singh 1997) . Unbalanced fertilizer application has led to a chronological emergence of macronutrients such as phosphorus and potash (P and K) and micronutrients such as zinc, sulfur and manganese (Zn, S and Mn) deficiencies. Even balanced application of macronutrients devoid of organic materials has been implicated in the deterioration of the physical, chemical and biological health of soil (Rattan and Singh 1997).
Our findings also showed that the regular application of FYM might significantly increase the available phosphorus, total nitrogen and carbon contents in the soil but not the potassium level (Table 3 ). The five-year long-term experiment clear showed that the recommended chemical fertilizer dose of 100:40:30 (N: P 2 O 5 : K 2 O) kg ha -1 for wheat crop seems to be inadequate for boosting yield and soil productivity. Long-term application of FYM @ 10-tons ha -1 was found to enhance its yield and increased the soil nutrients content in the soil. Balanced application is considered a sustainable way of enriching soil and hence restoring its fertility over time (Bhattachryya et al 2015) . Similar long term fertility experiments showed that depletion of soil nutrients caused by years of intensive cropping is a common feature that appears to contribute to the observed yield decline (Regmi 1996 , Yadvinder-Singh et al 2000 . In addition to mining of nutrients, there is some evidence of changes in the availability of nutrients to the plant. In most rice-wheat experiments, the soil organic matter declines over time, but, it is not only the decline per season; there may also be changes in the chemical composition of organic matter (Olk et al 1996 , Bronson and Hobbs 1998 ) that influence the capacity to supply nutrients to the plant. A sustainable fertilizer management strategy must ensure high and stable overall productivity and sufficient nutrient supply for potential yield increases.
The control plot with an indigenous nutrient supply only supported wheat yield of 277 kg ha -1 in long term experiments of rice-ricewheat system (Figure 1) . FYM alone could not supply N and K requirement of wheat crop. The increase in wheat yield was observed due to the application of 50 kg ha -1 both N and K 2 O to FYM treatment. The lowest grain yield of wheat may be due to absence of potassium in the treatment. This alarms situation in farmers' field where farmers generally do not apply potassium fertilizer in wheat crop. The soil analysis data showed an improvement in soil pH, soil organic matter, total nitrogen content, available phosphorus and exchangeable potassium in FYM applied treatments over all other treatments. Declining yields and soil nutrient balance in a long-term rice-rice-wheat study suggest depletion of soil potassium (K) and P fertilization seem to be primary reasons for limited and declining crop yields. The findings showed that the productivity of the wheat can be increased and sustained by improving nutrient through the integrated use of organic and inorganic manures in long term. 
APPENDIXES
